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Weight gain during pregnancy may contribute to increased urinary incontinence (UI) during and after pregnancy,
but scientiﬁc support is lacking. The effect of weight loss on UI postpartum is unclear. From 1999 to 2006, in-
vestigators in the Norwegian Mother and Child Cohort Study recruited pregnant women during pregnancy. This
study was based on 12,679 primiparous women who were continent before pregnancy. Data were obtained from
questionnaires answered at weeks 15 and 30 of pregnancy and 6 months postpartum. Weight gain greater than the
50th percentile during weeks 0–15 of pregnancy was weakly associated with higher incidence of UI at week 30
compared with weight gain less than or equal to the 50th percentile. Weight gain greater than the 50th percentile
during pregnancy was not associated with increased prevalence of UI 6 months postpartum. For each kilogram of
weight loss from delivery to 6 months postpartum among women who were incontinent during pregnancy, the
relative risk for UI decreased 2.1% (relative risk ¼ 0.98, 95% conﬁdence interval: 0.97, 0.99). Weight gain during
pregnancy does not seem to be a risk factor for increased incidence or prevalence of UI during pregnancy or
postpartum. However, weight loss postpartum may be important for avoiding incontinence and regaining conti-
nence 6 months postpartum.
cohort studies; parity; postpartum period; pregnancy; urinary incontinence; weight gain; weight loss
Abbreviations: BMI, body mass index; CI, conﬁdence interval; MoBa, Norwegian Mother and Child Cohort Study; RR, relative risk;
UI, urinary incontinence.
Urinary incontinence (UI) is a common condition among
women (1–4). The etiology is multifactorial, but pregnancy
and delivery seem to be major risk factors, especially among
young and middle-aged women (5, 6). A high body mass
index (BMI) is an established risk factor for UI (7). Weight
gain also shows strong associations with UI (8, 9). High
weight gain during pregnancy is believed to contribute
signiﬁcantly to the increase of UI during and after preg-
nancy, but epidemiologic studies assessing this relation have
been inconclusive (10–19). All identiﬁed studies have con-
siderable limitations, and none was designed to assess the
association between UI and weight gain. Weight loss is
documented to reduce UI in obese women (20), but no stud-
ies have speciﬁcally investigated how UI is affected by
weight loss postpartum.
Giventhe limitations of the previous research, we decided
to perform an analysis based on the Norwegian Mother and
Child Cohort Study (MoBa), a large population-based co-
hort study of pregnant women with several years of follow-
up investigating health issues among mothers and children
(21). The population for the present substudy consisted of
primigravid women who were continent before pregnancy.
Our objectives were to investigate how the incidence of UI
during pregnancy was affected by weight gain during weeks
0–15 and 15–30 of pregnancy. We also investigated how
incidence and prevalence of UI 6 months postpartum
was affected by weight gain during weeks 0–15, 15–30,
30–delivery, and 0–delivery; by weight gain from week
0 of pregnancy to 6 months postpartum; and by weight loss
from delivery to 6 months postpartum.
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The Norwegian Mother and Child Cohort Study
Thereareapproximately55,000birthsannuallyinNorway.
Each year since 1999, MoBa investigators have invited ap-
proximately 30,000 pregnant women, recruited from 39 of 50
Norwegian maternity units with more than 100 births annu-
ally, to enroll. The pregnant women were invited by mail
3 weeks before undergoing their routine pregnancy ultra-
sound examination at gestational week 18 (21). By 2006,
43.2% of the invited primiparous women had agreed to par-
ticipate by informed written consent (22). The enrollment of
participants has been completed, since MoBa has met the
target number of 100,000 pregnant women. Follow-up is still
ongoing.
To explore causative mechanisms for disease among
mothers and children, MoBa investigators obtained data
by means of postal questionnaires at 6 time points, from
week 15 in pregnancy to 3 years after birth. We used a data
set from 1999–2006 based on questionnaire 1, distributed
during week 15 of pregnancy; questionnaire 3, distributed
during week 30; and questionnaire 4, distributed 6 months
postpartum. The questionnaires are available on the Jour-
nal’s Web site (http://aje.oxfordjournals.org/). Women were
asked to participate only once. However, given participa-
tion, responses in the follow-up studies were strongly em-
phasized. Questionnaires 3 and 4 were completed by 92%
and 87%, respectively, of the women who were enrolled in
MoBa (21). Data from MoBa, which is conducted by the
Norwegian Institute of Public Health (21), were linked with
data from the Medical Birth Registry of Norway, where data
on all deliveries taking place in Norway have been regis-
tered since 1967.
The Norwegian Data Inspectorate approved MoBa in
1996, renewed the approval in 2003, and approved the link-
age of the MoBa data set with that of the Medical Birth
Registry of Norway. The Regional Ethics Committee for
Medical Research in Health Region II endorsed the project.
We designed a substudy to explore the speciﬁc association
between UI and weight change during pregnancy and post-
partum. We included women who were primiparous, conti-
nent before pregnancy, and having singletons. Women who
had not completed questionnaire 1, questionnaire 3, and/or
questionnaire 4 were excluded. Thus, our study population
consisted of 12,679 women (Figure 1). The 3,589 excluded
women did not differ signiﬁcantly from the 12,679 included
womenwithregardtooutcomeandexposurevariables,soour
sample was not biased in this respect. Descriptive data from
the data set have been published previously (23).
Urinary incontinence
Incidence of UI in week 30 of pregnancy and incidence
and prevalence of UI 6 months postpartum were the main
outcomes in this study. We used a questionnaire based on the
deﬁnitions of the International Continence Society (24). In
questionnaire 1, women reported UI before pregnancy. In
questionnaires 3 and 4, the women reported UI at week 30
of pregnancy and6monthspostpartum,respectively.Women
were asked about UI that occurred when coughing/laughing/
sneezing, when running or jumping, or as leakage accompa-
nied by a strong urgencytovoid. Womenwho conﬁrmedloss
of urine were deﬁned as having ‘‘any UI’’ according to the
standardized terminology of urinary tract symptoms (24).
BMI, weight, and weight change
Height was reported on questionnaire 1. Weight was re-
ported at weeks 0 and 15 of pregnancy (questionnaire 1), at
week 30 of pregnancy (questionnaire 3), and at delivery and
6 months postpartum (questionnaire 4). Weight was
Data file of women enrolled once in the MoBa Study,
1999 – 2006
43,279
Primiparous women
19,981
Women who were urinarily continent before pregnancy
16,268
Women who answered questionnaires 1, 3, and 4 and
were included in the study
12,679
Multiparous (parity ≥2) women
23,298
Women who were urinarily incontinent before pregnancy or
women with missing incontinence status before pregnancy
3,713
Women who did not answer questionnaires 1, 3, and 4
3,589
Figure1. Selectionof participantsfor a studyof weightchangeduringand after pregnancy and urinaryincontinence, Norwegian Motherand Child
Cohort Study (MoBa), 1999–2006.
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of weight reports included 1 decimal digit.
The exposures evaluated in this study were weight gain
during weeks 0–15, 15–30, 30–delivery, and 0–delivery;
weight gain from week 0 of pregnancy to 6 months postpar-
tum; and weight loss from delivery to 6 months postpartum.
We investigated the associations between UI at week 30 of
pregnancy and weight gain during weeks 0–15 and 15–30. We
investigated the association between UI 6 months postpartum
and weight gain for the following time periods: weeks
0–15, 15–30, 30–delivery, and 0–delivery and week
0–6 months postpartum. In addition, we investigated the as-
sociation between weight loss from delivery to 6 months post-
partum and persistent UI 6 months postpartum among women
who were incontinent at week 30, and incident UI 6 months
postpartum among women who were continent at week 30.
BMI was calculated as weight in kilograms divided by the
square of height in meters. For stratiﬁed analyses using
prepregnancy BMI, we excluded women who did not report
their prepregnancy weight or height on questionnaire 1
(n ¼ 447). Prepregnancy BMI was categorized into 3
groups according to World Health Organization recommen-
dations: <18.5 (underweight), 18.5–24.9 (normal weight),
and  25 (overweight and obese).
The 50th and 90th percentiles for weight gain during each
time period were used to categorize weight gain (1%–50%,
51%–90%, and >90%). Expectedly, a large number of
women had the exact weight corresponding to the median
weight change (50th percentile); hence, the weight groups
do not correspond exactly to the intended percentiles.
Women with weight gain representing the 50th or 90th per-
centile were included in the 1–50th or 51–90th percentile
group, respectively. The term ‘‘high weight gain’’ refers to
weight gain beyond the 50th percentile.
For the 12,679 women who intended to report weight at
5 time points, 1,578 women had a total of 2,350 missing
data points on weight (3.7%). All reported weights were
used in the analyses. Outliers for height were excluded
(<100 cm; 34 data points), leaving values of 140–
190 cm. Outliers for weight were excluded (<25 kg
and >400 kg; 34 data points), leaving values of 40–
180 kg. Outliers for weight change during the set time
periods were excluded (>50 kg; 6 data points). To isolate
the effect of weight gain, we excluded data points repre-
senting weight loss during the set time periods of preg-
nancy (1,860 data points). To isolate the effect of weight
loss, we excluded data points representing weight gain
from delivery to 6 months postpartum (30 data points).
All weight changes, including weight loss, were included
in the analyses regarding weight change from week 0 of
pregnancy to 6 months postpartum.
Percentage of weight change, BMI change, weight gain
according to the US Institute of Medicine recommendations
(25), and absolute weight change were explored. These
Table 1. Baseline Pregnancy-related Data on 12,679 Participants From the Norwegian Mother and Child Cohort Study, 1999–2006
All Women
BMI Group
a
Underweight Normal Weight Overweight
No. % Mean (SD) No. % Mean (SD) No. % Mean (SD) No. % Mean (SD)
Total no. and % of women 12,679 100 427 3 8,342 66 3,463 27
Age, years 27.6 (4.3) 25.9 (4.8) 27.6 (4.2) 27.7 (4.4)
Cesarean section (no. and
% of all births)
1,815 14 35 8 1,010 12 700 20
Birth weight, kg 3.53 (0.55) 3.34 (0.53) 3.50 (0.52) 3.62 (0.58)
Prepregnancy weight, kg 67.1 (12.2) 50.3 (3.9) 62.0 (6.4) 81.3 (11.5)
Prepregnancy BMI
b 23.7 (4.1) 17.8 (0.7) 21.9 (1.7) 28.8 (3.6)
Weight change during and
after pregnancy, kg
Week 0–15 3.3 (2.5) 3.9 (2.7) 3.3 (2.4) 3.3 (2.6)
Week 15–30 7.0 (3.1) 6.8 (2.8) 7.1 (3.1) 6.7 (3.3)
Week 30–delivery 6.3 (3.5) 5.9 (3.2) 6.2 (3.3) 6.7 (3.7)
Week 0–delivery 15.8 (5.9) 16.2 (5.5) 15.9 (5.5) 15.4 (6.7)
Week 0–6 months PP 1.2 (5.0) 2.6 (4.1) 1.3 (4.4) 0.7 (6.4)
Delivery–6 months PP  14.5 (5.2)  13.5 (4.5)  14.6 (4.8)  14.4 (6.0)
UI
Incident UI at week 30 5,102 40 162 38 3,225 39 1,522 44
Incident UI 6 months PP
b 1,562 21 50 19 1,007 20 451 23
Prevalence of UI 6 months
PP
3,991 32 110 26 2,495 30 1,240 36
Abbreviations: BMI, body mass index; PP, postpartum; SD, standard deviation; UI, urinary incontinence.
a Data were stratiﬁed by prepregnancy BMI (weight (kg)/height (m)
2), which was categorized into 3 groups according to World Health Organi-
zation recommendations: <18.5 (underweight), 18.5–24.9 (normal weight), and  25 (overweight and obese).
b Cumulative incidence in women who were continent before pregnancy and in week 30 of pregnancy.
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absolute weight change in kilograms at the 50th and 90th
percentiles and weight change as a continuous variable,
since we found these methods appropriate for our study
aim and easy to interpret.
Effect modiﬁcation and confounding
Effect modiﬁcation by BMI of the association between
weight change and UI was tested using the Breslow-Day test
for homogeneity between odds ratios after stratiﬁed
Table 2. Relative Risk of Urinary Incontinence Among Primiparous Women in Week 30 of
Pregnancy, by Weight Gain During Weeks 0–15 and Weeks 15–30, Norwegian Mother and Child
Cohort Study, 1999–2006
Body Mass
Index
a Group
and Percentile
Weight
Gain, kg Total No.
Urinary
Incontinence
Adjusted
Relative
Risk
b
95%
Conﬁdence
Interval No. %
Weeks 0–15
All women
1–50 0–3 6,407 2,445 38 1 Reference
51–90 4–6 3,167 1,343 42 1.1* 1.0, 1.2
>90  7 1,060 480 45 1.2* 1.1, 1.3
Underweight
1–50 0–3 219 75 34 1 Reference
51–90 4–8 158 62 39 1.2 0.9, 1.5
>90  9 28 15 54 1.6* 1.1, 2.3
Normal weight
1–50 0–3 4,449 1,638 37 1 Reference
51–90 4–6 2,287 951 42 1.1* 1.1, 1.2
>90  7 701 303 43 1.2* 1.1, 1.3
Overweight
1–50 0–3 1,670 719 43 1 Reference
51–90 4–7 856 389 45 1.1 1.0, 1.2
>90  8 176 92 52 1.2* 1.0, 1.3
Weeks 15–30
All women
1–50 0–7.0 6,537 2,634 40 1 Reference
51–90 7.1–10.9 3,811 1,550 41 1.0 1.0, 1.1
>90  11.0 1,176 463 39 1.0 0.9, 1.1
Underweight
1–50 0–6.9 200 67 34 1 Reference
51–90 7.0–10.0 158 62 39 1.2 0.9, 1.6
>90  10.1 39 21 54 1.5* 1.0, 2.1
Normal weight
1–50 0–7.0 4,347 1,676 39 1 Reference
51–90 7.1–10.9 2,682 1,044 39 1.0 0.9, 1.1
>90  11.0 790 304 39 1.0 0.9, 1.2
Overweight
1–50 0–6.5 1,598 721 45 1 Reference
51–90 6.6–11.0 1,308 581 44 1.0 0.9, 1.1
>90  11.1 269 111 41 1.0 0.8, 1.1
* P < 0.05.
a Weight (kg)/height (m)
2. Prepregnancy body mass index was categorized into 3 groups
according to World Health Organization recommendations: <18.5 (underweight), 18.5–24.9 (nor-
mal weight), and  25 (overweight and obese).
b Adjustment was made for age.
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the analyses suggested signiﬁcant effect modiﬁcation.
Results stratiﬁed for BMI are presented because of their
potential clinical relevance.
Confounding was evaluated by means of multivariable
logistic regression and cross-tab analyses. The following
potential confounders were explored for each appropriate
time period:age,mode of delivery(cesarean section,vaginal
delivery), UI during pregnancy, baby’s head circumference,
baby’s birth weight, fetal presentation at delivery (normal
occipital, breech, transverse, abnormal fetal head presenta-
tion, or other), perineal tear grade 3–4, breastfeeding (num-
ber of months), and physical exercise (sessions/week).
Statistical analyses
Cumulative incidence of UI during pregnancy was esti-
mated as any UI at week 30 of pregnancy. Cumulative in-
cidence of UI postpartum was estimated as any UI 6 months
postpartum among women who were continent at week 30
of pregnancy. We treated independent variables as categor-
ical, whereas weight gain and weight loss were also treated
Table 3. Relative Risk of Urinary Incontinence Among Primiparous Women 6 Months
Postpartum, by Weight Gain at Various Times During and After Pregnancy, Norwegian Mother
and Child Cohort Study, 1999–2006
Body Mass
Index
a Group
and Percentile
Weight
Gain, kg Total No.
Urinary
Incontinence
Adjusted
Relative
Risk
95%
Conﬁdence
Interval No. %
Week 0–15
b
All women
1–50 0–3 6,349 2,031 32 1 Reference
51–90 4–6 3,115 965 31 1.0 0.9, 1.1
>90  7 1,039 334 32 1.0 0.8, 1.1
Underweight
1–50 0–3 217 51 24 1 Reference
51–90 4–8 155 44 28 1.2 0.9, 1.7
>90  9 27 8 30 1.2 0.7, 2.2
Normal weight
1–50 0–3 4,442 1,362 31 1 Reference
51–90 4–6 2,255 657 29 1.0 0.9, 1.0
>90  7 688 211 31 0.9 0.8, 1.1
Overweight
1–50 0–3 1,659 606 37 1 Reference
51–90 4–7 837 308 37 1.0 0.9, 1.1
>90  8 172 63 37 1.0 0.9, 1.2
Week 15–30
b
All women
1–50 0–7.0 6,461 2,052 32 1 Reference
51–90 7.1–10.9 3,758 1,214 31 1.0 0.9, 1.1
>90  11.0 1,155 357 32 1.0 0.9, 1.2
Underweight
1–50 0–6.9 197 52 26 1 Reference
51–90 7.0–10.0 155 37 24 0.9 0.7, 1.3
>90  10.1 39 12 31 1.1 0.6, 1.8
Normal weight
1–50 0–7.0 4,299 1,279 30 1 Reference
51–90 7.1–10.9 2,645 834 32 1.1* 1.0, 1.2
>90  11.0 779 219 28 1.0 0.9, 1.2
Overweight
1–50 0–6.5 1,578 591 38 1 Reference
51–90 6.6–11.0 1,290 458 36 1.0 0.9, 1.1
>90  11.1 261 96 37 1.0 0.9, 1.2
Table continues
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evaluated the assumption of a linear trend between weight
change and UI through model comparisons using chi-
squared tests. In the categorical model, we used quartiles
for weight change. The assumption of linearity could not be
rejected (P ¼ 0.65 for weight gain and P ¼ 0.06 for weight
loss). Adjustment for confounding was done by multivari-
able logistic regression for the different time periods (27).
SPSS 15.0 for Windows (SPSS, Inc., Chicago, Illinois) was
used for thegeneral statistical analyses. We used Intercooled
Table 3. Continued
Body Mass
Index
a Group
and Percentile
Weight
Gain, kg Total No.
Urinary
Incontinence
Adjusted
Relative
Risk
95%
Conﬁdence
Interval No. %
Week 30–delivery
c
All women
1–50 0–6.0 6,023 1,876 31 1 Reference
51–90 6.1–11.0 4,272 1,402 33 1.1 1.0, 1.1
>90  11.1 930 289 31 1.0 0.9, 1.1
Underweight
1–50 0–5.6 19 44 23 1 Reference
51–90 5.7–10.0 152 42 28 1.1 0.8, 1.6
>90  10.1 31 11 36 1.6 1.0, 2.6
Normal weight
1–50 0–6.0 4,138 1,246 30 1 Reference
51–90 6.1–10.5 2,641 799 30 1.0 0.9, 1.1
>90  10.6 708 203 29 1.0 0.9, 1.1
Overweight
1–50 0–6.5 1,561 545 35 1 Reference
51–90 6.6–11.5 1,155 442 38 1.1 1.0, 1.2
>90  11.6 295 113 38 1.1 0.9, 1.3
Week 0–delivery
d
All women
1–50 0–15.0 5,959 1,886 32 1 Reference
51–90 15.1–23.0 4,488 1,445 32 1.0 0.9, 1.1
>90  23.1 1,148 346 30 1.0 0.8, 1.1
Underweight
1–50 0–15.0 202 50 25 1 Reference
51–90 15.1–24.0 162 44 27 1.1 0.8, 1.5
>90  24.1 37 11 30 1.3 0.8, 2.2
Normal weight
1–50 0–15.0 4,041 1,212 30 1 Reference
51–90 15.1–23.0 3,160 947 31 1.0 1.0, 1.1
>90  23.1 742 203 27 1.0 0.9, 1.1
Overweight
1–50 0–15.0 1,676 607 36 1 Reference
51–90 15.1–24.0 1,201 437 36 1.0 0.9, 1.1
>90  24.1 303 112 37 1.0 0.9, 1.2
* P < 0.05.
a Weight (kg)/height (m)
2. Prepregnancy body mass index was categorized into 3 groups
according to World Health Organization recommendations: <18.5 (underweight), 18.5–24.9 (nor-
mal weight), and  25 (overweight and obese).
b Adjustment was made for age and mode of delivery.
c Adjustment was made for age and birth weight.
d Adjustment was made for age, mode of delivery, and birth weight.
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log binomial regression analyses in order to present risk
parameters as relative risks. (The relative risk is the pre-
ferred risk parameter in studies with a high prevalence in
the unexposed group.) P values less than 5% were consid-
ered statistically signiﬁcant. Data are presented as mean
values, relative risks, and corresponding 95% conﬁdence
intervals, stratiﬁed by prepregnancy BMI.
RESULTS
Baseline data are presented in Table 1 by BMI group.
Overweight women had signiﬁcantly more cesarean sections
than normal-weight women. Underweight women were sig-
niﬁcantly younger and had fewer cesarean sections than
normal-weight women. There was a signiﬁcantly higher risk
of UI among overweight women compared with under-
weight women both at week 30 of pregnancy (relative risk
(RR) ¼ 1.2, 95% conﬁdence interval (CI): 1.0, 1.3) and
6 months postpartum (RR ¼ 1.4, 95% CI: 1.2, 1.6).
UI at week 30 of pregnancy
High weight gain (>4 kg) during weeks 0–15 was asso-
ciated with an increased incidence of UI at week 30
of pregnancy among all women and in each BMI group
(Table 2). Normal-weight and overweight women whose
weight gain was greater than the 90th percentile ( 7k g
and  8 kg, respectively) had a signiﬁcantly increased risk
of UI (RR ¼ 1.2). Underweight women had a nonsigniﬁcant
relative risk of 1.6 for UI when weight gain exceeded the
90th percentile ( 9 kg).
A high weight gain during pregnancy weeks 15–30 was
not associated with an increased incidence of UI in week 30
of pregnancy among all women (Table 2). This was also
found for normal-weight and overweight women. However,
there was a statistically signiﬁcant association between
weight gain greater than the 90th percentile ( 10.1 kg)
and incident UI (RR ¼ 1.5) among underweight women.
UI 6 months postpartum
High weight gain during weeks 0–15, 15–30, 30–delivery,
or 0–delivery was generally not associated with increased
UI prevalence 6 months postpartum in analysis of all women
(Table 3). The same was found for normal and overweight
women, while there was a trend among underweight women
towards higher prevalence of UI with high weight gain.
In contrast, high total weight gain from the start of preg-
nancy to 6 months postpartum was more strongly associated
with having UI than was high weight gain in any single
subperiod in analyses of all women (Table 4). Correspond-
ing results were found for all BMI strata. In analyses of all
women in the study group, each kilogram of weight gain
increased the relative risk for UI by 2.3% (RR ¼ 1.023, 95%
CI: 1.02, 1.03). Analyses of all women with weight gain
Table 4. Relative Risk of Urinary Incontinence Among Primiparous Women 6 Months
Postpartum, by Weight Gain From Week 0 of Pregnancy to 6 Months Postpartum, Norwegian
Mother and Child Cohort Study, 1999–2006
Body Mass
Index
a Group
and Percentile
Weight
Gain, kg Total No.
Urinary
Incontinence
Adjusted
Relative
Risk
b
95%
Conﬁdence
Interval No. %
All women
1–50  1.0 6,546 1,929 30 1 Reference
51–90 1.1–7.0 4,070 1,383 34 1.2* 1.1, 1.2
>90  7.1 1,134 422 37 1.3* 1.2, 1.4
Underweight
1–50  2.0 225 50 22 1 Reference
51–90 2.1–8.0 144 44 31 1.4 1.0, 2.0
>90  8.1 37 11 30 1.2 0.7, 2.1
Normal weight
1–50  1.0 4,501 1,235 27 1 Reference
51–90 1.1–7.0 2,875 967 34 1.2* 1.2, 1.3
>90  7.1 650 221 34 1.3* 1.2, 1.5
Overweight
1–50  0.0 1,642 568 35 1 Reference
51–90 0.1–9.0 1,334 484 36 1.0 1.0, 1.1
>90  9.1 279 128 46 1.4* 1.2, 1.6
* P < 0.05.
a Weight (kg)/height (m)
2. Prepregnancy body mass index was categorized into 3 groups
according to World Health Organization recommendations: <18.5 (underweight), 18.5–24.9 (nor-
mal weight), and  25 (overweight and obese).
b Adjustment was made for age and mode of delivery.
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pregnancy to 6 months postpartum showed a signiﬁcant as-
sociation with UI (RR ¼ 1.3). The same trend was found in
the normal and overweight subgroups.
From delivery to 6 months postpartum, there was a clear
association between weight loss and lower prevalence of UI
among all women who were incontinent during pregnancy,
as well as in stratiﬁed analyses (Table 5). For each kilogram
of weight loss among all women who were incontinent dur-
ing pregnancy, the relative risk for UI decreased 2.1%
(RR ¼ 0.979, 95% CI: 0.97, 0.99). Weight loss greater than
the 50th percentile ( 14.1 kg) was signiﬁcantly associated
with a lower prevalence of UI 6 months postpartum. Corre-
sponding associations were found in stratiﬁed analyses
among normal-weight and overweight women (Table 5).
From delivery to 6 months postpartum, there was a signiﬁ-
cant association between weight loss greater than the 50th
percentile ( 14.1 kg) and reduced risk of incident UI in
analyses of all women who were continent during preg-
nancy. A corresponding association was found among
normal-weight women (Table 5).
DISCUSSION
In this large cohort of primiparous women whowere conti-
nent before pregnancy, we found that a high weight gain dur-
ing pregnancy generally was not associated with UI 6 months
postpartum. High weight gain from the start of pregnancy
through 6 months postpartum was the only systematic weight-
associated risk factor for UI 6 months postpartum. Weight loss
after delivery was associated with decreased incidence of
UI and increased remission of UI 6 months postpartum.
Our study design was an appropriate model for isolating
the effect of weight gain and weight loss on UI in a ﬁrst
pregnancy. The nulliparous continent pelvis represents the
best available clinical model of the unexposed pelvis (28). A
major strength of the results obtained in this large cohort is
their high precision, represented by narrow conﬁdence in-
tervals. We investigated how weight gain beyondthe median
level affects UI; but to isolate the effects of extreme weight
gain, we also analyzed weight gain beyond the 90th percen-
tile. Adjustments for relevant confounders in our study
made the results more robust (27). We investigated several
potential confounders. Adjustment for maternal age pro-
duced a small reduction in the relative risk, while adjust-
ment for birth weight and mode of delivery produced a small
increase in relative risk. Relevant adjustment was assessed
for each exposure period and its related outcome, since
confounders varied according to the time of the weight gain
and the time of the reported UI.
A weakness in MoBa was the somewhat low inclusion
rate. However, the overall MoBa data set is valid for risk
estimates (22). There are only minor differences in demo-
graphic data and pregnancy-related variables when MoBa
participants are compared with the total population of
Table 5. Relative Risk of Urinary Incontinence 6 Months Postpartum Among Primiparous Women, by Continence Status During Pregnancy and
by Weight Loss From Delivery to 6 Months Postpartum, Norwegian Mother and Child Cohort Study, 1999–2006
Body Mass
Index Group
a
and Percentile
Weight
Loss, kg
Incontinent During Pregnancy Continent During Pregnancy
Total
No.
UI Prevalence Adjusted
RR
b 95% CI Total
No.
UI Incidence Adjusted
RR
b 95% CI
No. % No. %
All women
1–50 0–14.0 2,520 1,283 51 1 Reference 3,549 815 23 1 Reference
51–90 14.1–21.0 1,807 825 46 0.9* 0.8, 0.9 2,882 549 19 0.8* 0.7, 0.9
>90  21.1 419 157 38 0.7* 0.6, 0.8 643 118 18 0.7* 0.5, 0.8
Underweight
1–50 0–14.0 92 35 38 1 Reference 153 31 20 1 Reference
51–90 14.1–19.9 45 16 36 1.0 0.6, 1.5 75 11 15 0.7 0.4, 1.4
>90  20.0 15 4 27 0.8 0.3, 1.9 18 6 33 1.6 0.8, 3.4
Normal weight
1–50 0–14.0 1,601 790 49 1 Reference 2,388 523 22 1 Reference
51–90 14.1–21.0 1,204 532 44 0.9* 0.8, 0.9 2,061 375 18 0.9* 0.8, 0.9
>90  21.1 239 88 37 0.7* 0.6, 0.8 385 65 17 0.7* 0.7, 0.8
Overweight
1–50 0–14.0 734 410 56 1 Reference 666 168 25 1 Reference
51–90 14.1–22.0 531 261 49 0.9* 0.8, 1.0 536 113 21 0.9* 0.8, 0.9
>90  22.1 127 53 42 0.8* 0.6, 1.0 127 19 15 0.6* 0.5, 0.8
Abbreviations: CI, conﬁdence interval; RR, relative risk; UI, urinary incontinence.
* P < 0.05.
a Weight (kg)/height (m)
2. Prepregnancy body mass index was categorized into 3 groups according to World Health Organization recommen-
dations: <18.5 (underweight), 18.5–24.9 (normal weight), and  25 (overweight and obese).
b Adjustment was made for age, birth weight, and mode of delivery.
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swered the questionnaire in week 30 of pregnancy, 87%
completed the questionnaire 6 months postpartum (21).
Weight before pregnancy and at delivery was reported ret-
rospectively. However, 1 study indicated high correlation
between recall of prepregnancy weight and actual prepreg-
nancy weight, even many years after delivery (29). In addi-
tion, 6 months postpartum, there is high correlation between
self-reported weight and documented weight during preg-
nancy (30). All Norwegian women have a pregnancy chart
documenting weight before pregnancy and at the time of
birth. Hence, data for weight at these 2 time points were
easy for women to recollect. In general, the strengths of the
associations were modest. We explored potential con-
founders and adjusted appropriately, but we cannot rule
out residual confounding. Another limitation of our study
is that women in MoBa reported UI status at week 30 and
not at the time of delivery. Hence, we did not have informa-
tion about the incidence of UI from week 30 to delivery, and
consequently we could not investigate the association be-
tween weight gain and UI at the time of delivery. Therefore,
we suggest that it is safe to assume that the incidence of UI
during pregnancy is underreported. We elaborated more on
the strengths and weaknesses apparent in MoBa and our
study population in a previous report (23).
Among 10 previously published studies on UI and weight
gain during pregnancy (10–19), none was designed to in-
vestigate this issue. They all had methodological weak-
nesses. None of those researchers stratiﬁed for BMI or
clariﬁed their categorization of weight gain when investi-
gating the effect of weight gain during pregnancy on UI.Our
study was conducted to overcome some of the limitations of
these previous studies.
High weight gain during weeks 0–15 of pregnancy was
associated with UI at week 30 of pregnancy, while high
weight gain during weeks 15–30 showed no such associa-
tion. Other investigators have also found nonsigniﬁcant as-
sociations between total weight gain during pregnancy and
UI before delivery (14, 16, 18). In only 1 of these papers did
the researchers present adjusted analyses (18). We have not
found studies investigating the association between weight
gain and UI during different trimesters.
The relative risks of UI after weight gain were rather
similar for the total group of women and the subgroups of
normal-weight and overweight women. However, weight
gain among underweight women led to the highest relative
risks and the largest absolute incidence and prevalence in-
creases in UI. Underweight women had a large relative
weight gain in comparison with other BMI groups, and this
may explain our ﬁndings. However, when analyzing com-
parable percentwise increases in body weight, the signiﬁ-
cant associations between weight gain and UI during the
different investigated time periods reappeared. Among un-
derweight women, there was no association between weight
loss postpartum and UI 6 months postpartum.
High weight gain during pregnancy did not affect UI
6 months postpartum. Hence, the association between UI
during pregnancy and high weight gain during weeks
0–15 is less likely to be clinically important. This is in
accordance with ﬁndings from other studies. Eason et al.
(18) found no increased risk of UI 3 months postpartum
among women who gained more than 17 kg during preg-
nancy as compared with women who gained less than 11 kg.
In a Spanish study, Diez-Itza (19) found no association
between total weight gain during pregnancy and persistent
UI 1 year postpartum. However, our results contrast with
those of a small Italian study investigating the association
between weight gain and incontinence during the early post-
partum period (10). We reanalyzed the data in the Italian
study (10) and found an unadjusted relativerisk of 2.0 for UI
3 weeks postpartum among women who gained  15 kg
during pregnancy. These authors did not present stratiﬁed
data for prepregnancy BMI, nor did they clarify their use of
weight groups (10, 18, 19). Even though there is no consis-
tent evidence for associations between weight gain during
pregnancy and UI, several studies of nonpregnant women
have found strong associations between weight gain and UI.
In the Nurses’ Health Study, Townsend et al. (8) reported an
odds ratio of 3.5 for frequent UI in a general population of
nonpregnant women who gained more than 20 kg over a
4-year time period.
There were signiﬁcant associations between high weight
gain from before pregnancy through 6 months postpartum
and having UI 6 months postpartum. This association adds
to the literature on the consistent association between BMI
and UI (7). We also found decreased risk of UI 6 months
postpartum by weight loss from the time of delivery to
6 months postpartum among women who were incontinent
during pregnancy. Other studies of nonpregnant women
have found a similar association with weight loss as our
study; in a randomized controlled trial, Subak et al. (20)
reported that 7% of overweight women with frequent UI
became urinarily continent after a mean weight loss of
7.8 kg over a 6-month period. We believe that the associa-
tions between UI and weight loss postpartum in our study
are of clinical importance.
Both pregnancy (31) and high BMI (7, 32) are established
risk factors for UI. It has been suggested that weight gain
during pregnancy partly explains the increased risk of UI
both during pregnancy and in the postpartum period (33).
The results of this purposely designed epidemiologic study
do not support this. We also question whether weight gain
per se leads to UI.
The association between weight gain and UI among non-
pregnant women is primarily linked to adiposity (8). Weight
gain in pregnancy is induced mainly by the growing fetus
and pregnancy-related organs. This may explain why a
20-kg weight gain after 9 months does not necessarily in-
crease the incidence of UI (14, 16, 18), as also found in our
data, while a much smaller weight gain under nonpregnant
conditions over a period of 1–2 years is associated with UI
(8). This important difference indicates that there are factors
that do not act similarly in pregnant and nonpregnant
women. The location of the weight gained may play an
important role (34, 35). Other factors might include the
duration and speed of weight gain (36). Hormonal changes
occurring during pregnancy, such as high levels of relaxin,
may protect against the effects of weight gain (14), while
hormonal changes associated with adiposity may not. In
summary, our ﬁndings suggest that weight gain per se
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creased risk of UI associated with pregnancy.
Continence promotion postpartum mainly focuses on pel-
vic ﬂoor training. Our ﬁndings indicate that weight loss
should be addressed in continence promotion postpartum
to regain continence and reduce risk of UI. Weight loss
postpartum, together with pelvic ﬂoor muscle training
(37–39), may decrease the prevalence of UI in women post-
partum. This may have clinically important implications.
In conclusion, our ﬁndings showed that weight gain dur-
ing pregnancy was of little relevance to continence status
during pregnancy and postpartum, and therefore could not
explain the high incidence of UI during pregnancy. Weight
gain from the start of pregnancy to 6months postpartum was
associated with increased prevalence of UI 6 months post-
partum. Weight loss after delivery was associated with de-
creased incidence and increased remission of UI 6 months
postpartum and thus should be addressed during continence
promotion.
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